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Abstract: [Background] Highland barley Baijiu is a product of multispecies solid-state fermentation. It is
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important to regulate the fermentation of highland barley Baijiu through analyzing the important
functional microbiota and their metabolic characteristics. [Objective] The purpose of this study was to
reveal the flavor-related microbiota during highland barley Baijiu fermentation and resolve their
co-metabolism. [Methods] The diversity and composition of microbial community during highland barley
Baijiu fermentation were revealed by high-throughput sequencing. The flavors of fermented grains were
detected by HS-SPME-GC-MS. Then flavor-related microbiota during highland barley Baijiu fermentation
was revealed by correlation analysis between microbes and flavors. The effect of physical and chemical
factors to the flavor-related microbiota was revealed by the Mantel test. The simulated fermentation with
six strains under laboratory conditions was carried out to resolve their co-metabolism. [Results] Nine
dominant fungus and eight dominant bacteria (relative abundance>1%) were found during highland barley
Baijiu fermentation. Aspergillus, Komagataella, Lactobacillus, Pichia, Saccharomyces and Weissella were
identified as flavor-related microbiota. Reducing sugar (r’=0.946 9, P=0.013 2) and acidity (r’=0.847 6,
P=0.048 6) were determined as key factors driving the succession of the flavor-related microbiota. The
simulated fermentation with six strains revealed the in vitro system had the same microbial succession and
flavors structure as the in situ system. [Conclusion] This work revealed the flavor-related microbiota and
key factors driving their succession, and verified the metabolic characteristics of flavor-related microbiota
by simulated fermentation. These results might provide a new perspective for regulating flavors
information during highland barley Baijiu fermentation.

Keywords: Highland barley Baijiu, High throughput sequencing, Flavor-related microbiota, Flavor metabolism
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K, JFl s RGEHITIUE, LU BRI
R PR R 1) U A ST AR LA o
1 MRSk
11 EREE

R TG i DA T T B o R I A BR 2
FIREE, JPIN 3 AT A (2.6%2.4%1.9 m) K
f£0. 5. 10, 15, 20 130 d ek, Hit 1847, HL
FEWTIAS 2017 4FE 5 H o BAAESLS5IE 3 A1
ke, REFE R EH, — M RIFE 4 °C HT
ARG, 75— FE-20 °C HIT B FEG
BRI TE bR A S5t & f b, o 3 f s RIE
WARNRR, R T KO T-80 °C T4
I DNA,
12 FERFFMLFRIEFRE

FE[2H DNA $2BUA7 £ (E.ZN.A® Soil DNA
Kit), Omega A +l; 5T AT G2 i,
[ 24 (B A1) E Al 2R A FR A ) o AR v A
ICHZEEE R PCR AL, FEI KRB AR
Al ARG ERAL, i R AR YRR A PR ]
WAH IR, Waters A w]; SRS BTik AL,
LA AT,

WL HE3RBE(g/L): BERER VR 4.0, WER A
B 055, BifREE 0.125, #jZjH% 50.0, SALH
0425, SAk% 0002 5, &M 50, FILH
0.125, R Mm%k 0.022, Hifik%:E 0.002 5, R pH
h 6.5, dMHILIEFRR(g/IL): #MHILL 0.03, i
f205mL, 100, HEIHKE0, HEHR0.1mL,
B2 pH H 7.240.2, MRS ¥:Fs(g/L): &AM
10.0, BEBEE 4.0, 4 NF 8.0, HiugHE 20.0, 7
i M 2.0, nhiE-80 1.0 mL, AEAERHN 5.0, ik
0.2, MEMRE M 2.0,
1.3 EHRKEETGIR

B Lactobacillus acetotolerans B1, Weissella
viridescens W1, Saccharomyces cerevisiae QK1 .,
Komagataella phaffii QK2 Aspergillus niger M1 i
Pichia fermentans PF 34 M\ BRIPG K T 3k A4 ) 7 1

HHIE RIS . HERIFRI 5.0 g TERSEEA, IMAZEA
50 mL 0.85%JCF& A= FEEL K B = fiiih, F37°C,
200 r/min 353% 30 min, WEHL 0.1 mL #E5y, #ER
& 107, 10, 107°, 10° PONAFIMEE S, &
MR 100 pL PP AR BRI IR AT WL B5 7R 8E  dindir £l
Figedk . MRS B53R2E, UAi Ja 19 WL ~P-AkFi i
LB 30 °C fHIRBEFRA ISR 1-2 d, MRS
PRI 37 °C fEIRIEFRAA G TR 1-3 d fF R iR
WIS, FKER 10 uL Ak Pk BUB A5 2 S TR
20 R A R B T i AT s Ak . KRR SR
MR TIE R PR, S B RE Y 26S rRNA
LR @ 519 (NLL: 5'-GCATATCAATAAGCGGA
GGAAAAG-3'; NL4: 5-GGTCCGTGTTTCAAGA
CGG-3)FI4HE N 16S rRNA KK 151 ¥ (27F -
5-AGAGTTTGATCCTGGCTCA-3'; 1492R: 5-GGT
TACCTTGTTACGACTT-3) i 47 N — # PCR FiI
MR, W FELs 4T BLAST Foxt, XfEtkiefT
1.4 BEHEFIZEREN

B 3 AR A AL 1 m BRAN K S
BRI . HERAFRE 10.0 g LAY, 105 °C F T4
4 h DI L ORI I K o i SR
FHI%E (0.1 mol/L A Z A A NI 1R R 2 J s m
P KA SR 46 s 390 ) A 0 S VS 1 O R o T T A i 118
WSl 3,5- ANk 1R (3,5-dinitrosalicylic
acid, DNS)ZME, THE: Y £ R RO (3
A3t
1.5 EESRULR K548

FREGHE 5.0 g & T 50 mL &.0%, wm
20 mL EEFK, FROSIRGIETE 0 °C WA
30 min, SRJ57E 4 °C. 8 000xg &.[» 5 min, WZHL
8 mL iR 20 pbL A AFR(100 pg/mL)E T
4 3.0 g NaCl 19 20 mL Tizs A . TR XU 4 5
G W R T T90 25 o] A 2 B2 G AS0ME 3 - JoT 5 Bk
1%, faikH: A DB-Wax, Kl 4422 3Cik[12].
1.6 DNA RERFISEENF

FREX 7.0 g ALY, HIE E.Z.NLA.® Soil DNA
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Kit B3R EDE RSB AE ) DNA, X T HE
B, PO 1ITS2 X8, 5144 1ITSLAITS2;
ST, P IX A 16S rRNA JEH 1) V3-V4 [X
=, 514%% 338F M54 806RM, PCR [k %
(25 pL): 10xPyrobest Buffer 2.5 uL, dNTPs (2.5 mmol/L)
2 uL, b FHSI(10 pmol/L)% 1 pL, Pyrobest
DNA Polymerase 0.4 pL, #4 DNA 15 ng, ddH,0O
M EF] 25 ul, EF PCR Fwi 451 95 °C 2 min;
95°C30s, 61°C30s, 72°C45s, 3L 32 MEH;
72 °C 10 min, 4fFE PCR i 2cf4: 95 °C 5 min;
95°C30s, 55°C30s, 72°C40s, L2571 ;
72 °C 10 min, PCR “¥jialifk 2% CiHik[14]. 2k
k)5 77 )38 5 NanoDrop ND-1000 UV-Vis #1773
i, SRERIHYS PCR W% Fmii s, P
Low Sample Protocol #F47Hl#& SCHE, &5 1E
Ilumina MiSeq I)/5F- 5 T K005 A9 R 1R 2L
52 % DDBJ (DNA Data Bank of Japan)%#i /2,
%5 DRA008152 Fil DRA008153.
1.7 [RIEFFIRILE

i QUME pipeline Xf I Lf P A HEA FALBE . e
WP AN HEATIHIE, RBRIRZE . SIS P A1 5
B /T 110 bp  BUIBHEE K T 2 bp FIF-34 ot
/NTF 30 SR T AN T X BR s @i UCHIME Z3BRik
ARG RS M UCLUST 4005751 L
1 51YIFFIER

Table 1 Detailed information of primers for real-time PCR

97% 1 A ) B8 17 1T 45 4 43 25 54 5T (operational
taxonomic unit, OTU)XI %y, 115 Chaol 0
Shannon 5%,
1.8 R AEBRIE KX HXEE PCR (QPCR)

6 Bk XUk S RE T 4E ¥ Lactobacillus acetotolerans
Bl . Weissella viridescens W1 . Saccharomyces
cerevisiae QK1 . Komagataella phaffii QK2 .
Aspergillus niger M1 1 Pichia fermentans PF £ \\
PRI K 19 3t P O T T v 07 e 345 ol i e S |
Y1 1)%F 0 d AT EEAE A IE 796 E 7 PCR, PCR
K% . KEE#4iK 8.2 uL, SYBR Green Supermix
10.0 pL, k. TI#5I4(20 umol/L)4% 0.4 pL,
DNA ###g 1.0 uL. L. acetotolerans B1 #l W.
viridescens W1 i PCR JZ W 5f4:: 95 °C 10 min;
95 °C5s, 60 °C 30s, 72 °C 45 s, 40 MEH;
72 °C BEETHEZE 95 °C. S. cerevisiae QK1, K.
phaffii QK2 P. fermentans PF F1 A. niger M1 [/} PCR
SN Z&A4: 98 °C 3 min; 98 °C 30's, 55°C 30s,
65 °C 45's, 40 MEFF; 65 °C BEEFHEZE 95 °C. 15
£ 6 FRIATE O d W AL S. cerevisiae QK1:
4.43 Igcopies/g; K. phaffii QK2: 4.97 Igcopies/g; P.
fermentans PF: 4.76 Igcopies/g; A. niger M1: 4.66
Igcopies/g; L. acetotolerans B1: 0.11 Igcopies/g; W.
viridescens W1: 1.78 Igcopies/g.

Amplicon Primer direction Primers sequence (5'—3") The calibration curves

QK1 F GGACTCTGGACATGCAAGAT y=—0.288 5x+11.972
R ATACCCTTCTTAACACCTGGC R2=0.997

QK2 F TCGTTCATGGCAAGTTTCCG y=—0.451 7x+14.524
R TTGCGGAACCCTCTTGCTTA R2=0.996 7

PF F CGGTAGACCAAGACACC y=—0.367x+13.884
R TGTAGAAGGTGTGGTGC R2=0.998 8

M1 F CACTAACACCCCCATCCAGG y=—0.433 7x+15.359
R ATGGTGTGATCGGGATGTCG R?=0.994 4

B1 F TTCCTCCTGTTGGCGTTT y=—0.304 3x+11.285
R TGCTGAAATGGTGGCAATAC R?=0.999 6

w1 F TTGAATGACCCACAAGCGGT y=—0.358 1x+12.004
R ATCGCACCCTGATCGTCTTC R2=0.991 9

T x: CH; y: Igcopies/g.
Note: x: C; value; y: Igcopies/g.
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Kl ] SPSS 19.0 THA-PIES A WL #2 b KUk b5
VIR Sperman AH5E 2 %L p, FEHH Gephi
0.9.1%F p>0.6 H. P<0.05 Ay %iHk nT AL AL IL BRI 45

2 HR54H
21 BUEFHH

TR & B A P I AL N A Al S i
W 1S, HREEM 20.0 °C (0 d)2 i) T+ % 35.3°C
(15d), PRIFZEE% 32.8°C (30d); /Koyt b, %
AMRAFAE 40%—45%; I i R ISE B IR R

A B
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35+ _ 48
= 30 % 146 %}D
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A ez
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2 e 122 ¢
E 15 | %/ { = 8
i =
1oL _ 40 E
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IEH, TEREE S d iAF5R S{H 22.36 mglg; MR
TRt EFHOASS, M 0.97 (0d) EFHE 3.30 (30 d);
CORES R BE A R R ) RS R N, A K
20d ikB| s {E, o 32.61 mglg.
2.2 WEMFETEI S HEEFILE K

SR FH v 3 W0 A R SR 48 78 A T ok R T
W B R TS AL . X T AN TR RETS , SRR
FRET Y] 201 347 4k, EHEAERAEA SA
33 5584 075 4%; AR 97%F ¥ H1 AL BE % 7 41 1k
1 OTU R4y, #3845 597 4~ OTU, “FHy5SHE
FEASA 100429 4~ OTU. X FHEERE, L3545
FREITY] 209 794 4%, FIRANERAEA A
34 96617 202 2k; A:3k45 668 4~ OTU, ~FXH4ME
BAEAR & AT 111216 4~ OTU., BV &, BENHRE:
FE LB 35 % (coverage) I 7E 99% L |, FEHIIN
(AR AT LV S 7 RIS A I ol 2 s A M e
MY ESETEN . AR REA Y Chaol 35 %01 Shannon f5
BRI ETHE TS, HIE 10 d A%
FE, 4391k 152.846.1 1 4.29+0.29; 1E 30 d iK%
MG, 43590k 53.6+12.4 #i1 0.86+0.15, ViHAFFRR
T & el R b 20 G R P A8 R 8 s T T E—
ELHEREIS Y Chaol 5% Shannon FE507E & 1 72

- - 40
4 3.3
- 435
: 130 J30
a g -
- {253 {253
i IEY =R -
< T =
= = 415 :S
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i —a— Reducing suger - 1 10
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Figure 1 Dynamics of temperature, moisture (A), reducing sugar, acidity and ethanol (B) during the fermentation process
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SRR, ERIEAMO d)FIHH 30 d)i
WA i35 22 5 (P>0.05) ,  Uhd A 75 R4 & I ad i B I
TRV LSRR E (3 2).

Tt o b i BRI R B R P U RS, TE
MAEDEKE b, 3RS 9 ML TTEE A 8 ML
g )| (MR >1%) . Hod Pichia
(24.73%—49.43%) . Hyphopichia (3.21%—29.24%).
Komagataella  (0.99%-39.86%) .  Aspergillus
(0.32%-9.38%) . Saccharomyces (2.10%—11.47%)7Fl
Candida (0.58%—7.73%)7E 4% 1~ PR & T o 72 L
AR 2A). X TAimm, 7EAkBE0d b
Py Weissella (21.79%). Pantoea (47.91%) .
Acinetobacter (7.95%)7l1 Staphylococcus (13.19%),

£2 FHAE llumina MFBIFKITER

{HJE MK 5 d JFih Lactobacillus s M 25.80%5
JnE 99.11% (30 d),  HRACH A A= 0 B Ry 20 PR R 7
M RFERE Y5 2B).
2.3 RBRINBEREMEEF ST

K HS-SPME-GC-MS Z 7 # FIHHE & i
PR AL 2] 53 BRI T, (g 2 RS,
14 FhEEZE . 4 RIOFAZS . 10 FREEREZE . 20 FhERE
DL 2 R HABE Y B (5] 3A) . FETF AT & B Aniifl
(z-score) A W] LA B, KUK 4 Jox i) A R B AT
Loy A Be (K WeRi s . 0-15 d; kKMEE
H: 20-30 d). FEESEYBTLE KBTS A AR X A
w28 ARG 25 W o A K I I A A X B it 4R
. 05 B S RN A 2 ) R A AR T ke

Table 2 Sample statistical information about Illumina sequencing results

Time 16S rRNA gene ITS2 DNA
(@ Reads OTUs  Coverage (%) Chaol  Shannon Reads OTUs Coverage (%) Chaol  Shannon
0 33160 98 99.86 100.2 2.66 26 482 119 99.84 137.2 2.98
5 27 387 101 99.85 107.9 3.53 39 166 128 99.84 135.7 3.13
10 31040 146 99.84 152.8 4.29 23532 98 99.86 113.7 2.88
15 34 845 107 99.81 1145 2.15 41 693 110 99.88 115.3 3.27
20 40 847 99 99.83 93.5 1.41 37 850 85 99.90 97.0 251
30 34 068 46 99.91 53.6 0.86 41071 128 99.87 130.3 2.89
A
100 - 100 - B Fungi_others
B Candida
I Hyphopichia
80t _ 80+ [ Geotrichum
N N Wl Saccharomyces
> b B Pichia
2 60} 2 60} B Hanseniaspora
= = B Aspergillus
E _g B Wickerhamomyces
= a0l S a0t B Komagataella
= .z B Bacteria_others
= = B Staphylococcus
= 20 ~ 20 B Lactobacillus
I [ Il Bacillus
Bl Acinetobacter
0 0 B Fructobacillus

0 5 10 15 20 30
Fermentation time (d)

B2 xREBIEPHENHEENERKTHOSHEL

B Pantoea
B Pediococcus
B Weissella

5 10 15 20 30
Fermentation time (d)

Figure 2 Distribution of microbial community at the genus level in fermented grains during the fermentation process

(jf A: E%, B: éﬂi%
Note: A: Fungi; B: Bacteria.
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By KUK I BE T A B T RE AL % Aspergillus |
Komagataella Lactobacillus Pichia
Saccharomyces 1 Weissella.,
2.4 IRALEF X RIRIRENE Y E R R0
R ERGT K W B P A BEAR DR XU ) B A
AR RERI R, T RIES TP vegan fUiE 752
FeRig B . 45 RRY], X R RERUA
TR (7% 38 R LA T 5 ) Y LAY DR 2 L e b
(r’=0.946 9, P=0.013 2)FIf% ¥ (r’=0.847 6,
P=0.048 6), XM 5 XKD REMAE YRR
S3 A BAT B AR DCHE(P<0.05) (£ 3). KA,
AFRAL R 5 XK I RERUE IR Spearman #H2G &
BN ERY], 5 T 5 Lactobacillus HA 2
#(P<0.05) A AHSCHN, 5 HA KUK L RE TR MR A

&)

() Wickerfamomyges

(49

B3 AEETRE PRI LA E (A) AR S KUK R 48 2 14 ) 2% [E] (B)

Figure 3 Heatmap of change in flavors during the fermentation process (A) and correlation network between microbial

genera and flavors (B)

T RO SIORHEYE, KOR SERRERY T Wi z-score KARHELEE.

Note: Black dots indicate microbial genera and gray dots indicate flavors. Data were processed by z-score transformation.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



158 TEY I8

Microbiol. China

AIEM, HY5 Komagataella i1 Pichia HA &%
(P<0.05) iF #1 ¢ ; Lactobacillus 5 /8 & H 47 i &
(P<0.01) 1E A 3¢, LWl B & W o A2
Lactobacillus J& 5 219 P FRIE YR s T C S
Saccharomyces H. A & % (P<0.05) 1IE #H 3¢, i #H
Saccharomyces 7E 5 Bl A&l i 2 2L 1) ™= 4
PEI A= P& (35 4).
2.5 XUBKIN BETRAE 4 BY IXURR X 5T 4E

SR GE XK T BE AR W T RETE AR S FR G it
LR GE P KR A 0 22 57, DN BRPS & I 2ot 78
VIR 1% O 1 81 IXUBR Bh RE AW A= 0 J& %o I AR TR Pk,
5124 L. acetotolerans B1, W. viridescens W1, S.
cerevisiae QK1. K. phaffii QK2. A. niger M1 1 P.
fermentans PF, 7ESCIRZ IR H 6 b R 57
RGN AW AT G LB, 5 T4 ek
SISO E R PCR 4T H BRI A Yy Rt B
K. phaffii QK2. P. fermentans PF #l S. cerevisiae
QK1 AWK 0 d 2 5 d EIIG IS,

* 3 KMREMENEFSELETFZEOREFE

EMENER

Table 3 Mantel test of flavor-related microbiota with
physical and chemical factors

Mantel test r’ P

Reducing sugar (mg/g) 0.946 9 0.013 2
Temperature (°C) 0.7325 0.132 6
Moisture (%) 0.8215 0.080 6

Acidity (0.1 mol/g) 0.8476 0.048 6

Ethanol (mg/g) 0.489 4 0.070 1

Fz4 ZBRUEFERKINGEMEYIER Spearman tHX 14

M &M% 5 d ZJ5 K. phaffii QK2 14 M1 M\ 4.779 1+
0.166 8 Igcopies/g J# % 1.324 5+0.307 4 Igcopies/g;
P. fermentans PF Y£: 4 M\ 6.028 3+0.514 7 Igcopies/g
I 3.476 3+0.023 5 Igcopies/g; S. cerevisiae QK1
B4k B & M 5.602 8+0.266 6 lgcopies/g Y =
2.646 0+0.432 7 lgcopies/g (&l 4A). A. niger M1 [
AW AR AR A P A B BE(0-10 d AT 15-30 d),
PANBT B AR ) e o i 47 AE 4.772 2 Igcopies/g Fl
4.166 8 lgcopies/g (&1 4B). W. viridescens W1 f¥)4=
Pt 7E & 8% 0-10 d 23 EFHEH, 10 d ZJ57F
ST R R T L. acetotolerans B [t 4 474 M\ & 1%
0 d BREE N —-HEM EAMGES, sEHEnE
5.054 9+0.212 1 Igcopies/g (K1 4C). M 6 FR XU 2 BE
TAE PRI SN A e S 3 AT LUR B, 6 K BT o5
P F S B9 2 K. phaffii QK2. P. fermentans
PF. S. cerevisiae QK1 Fll A. niger M1, T & 15 HH
iR S AL 12 L. acetotolerans B1, 1iH
ARG 5 50 R G HA R E I A
IR GE R T A P LS E B 45 Rl XUBR
Vi, ff 4 FhERZE. 11 RIS, 2 RO w2k,
8 FIREMRZE . 16 FhEESE LN HAMSEY BT, Horh g il
PRI 5T (3-FH JE- TR AN 2-FP BE-TNTR) LA B W it
J R (3-F 2-1- T A 1-Z I3 C B TE RN R 5
HORAIN 3, i A S W B Y TR IR A FR S8 P
R Z] (B BA). X T KRS &, AR5
JRUBR R B LA Eo 51, TR R 2R ) BT RS )
R B 2 FIFE R RGP L T 80%, Xt

Table 4 Spearman correlation between each genus in flavor-related microbiota and physical and chemical factors during

fermentation process

Genus Reducing sugar (mg/g)

Temperature (°C)

Moisture (%) Acidity (0.1 mol/g) Ethanol (mg/g)

Lactobacillus —-0.886* 0.600
Weissella 0.371 —0.429
Pichia 0.886* 0.429
Komagataella 0.814* 0.543
Aspergillus 0.429 0.429

Saccharomyces 0.629 -0.371

0.943** 1.000** —0.086
-0.771 —0.886* —0.657
0.771 0.714 0.543
0.543 0.600 0.771
0.257 0.314 0.314
—0.200 —0.086 0.886*

T = HI 4138 P<0.01 Al P<0.05.
Note: ** and * indicate P<0.01 and P<0.05, respectively.
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Figure 4 Dynamics of biomass of microbes during simulated fermentation process
. A B B ERW; C: 4IF.
Note: A: Yeast; B: Mold; C: Bacteria.
B B
/ e \\‘\\ /:__.;_ \
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Figure 5 The venn diagram of flavors (A) and comparison of flavor information (B) between in vitro and in situ at the end of
fermentation

S5 R W B 1k ok ) XUBR B A A — 2 R 1
FA B i I 1A R e B 1 I RE (1% 5B).
3 WLk

P PR 2B A 9 o T S Y o A
TR HHATVFZ A ik QAR R AR 1
SR WL R o i 40 TR A TR 9 10T e T g
e, SRRl R AB T 8 ML AN R A9 A
LT E , 5 H A A 2 PP AT E R s TR
PRSI E I, Hesh, ASCHE R TR R K R

RO RIS, ANE AT LA B 3- T E T E . 2-9K 2
e HEZFRZEEFN 2,3- T — Wi, Saccharomyces
SO EE T AEMAY, BRI AR SRR
BRI EE ST Aspergillus 27 A VE A
e, FHLAMBEER P2, 7 HAb RS Yokl oty
TEXR e EY), Lactobacillus. Saccharomyces
1 Candida 9 & IR A B (10 & Bl ferpo R 2L
(9 KU 5 sk 35 ) Wang 2558 L 3R v AU
Wi otk B, K& Lactobacillus,

Frp AT KUK RE 6 M= )8, o Lactobacillus
VE ] 4 B e i W A S, R LR C R L T
R, T EEEN; Pichia 1 F
e W EAZ A, T LA i 22 R 28 9 ot %
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Lactococcus . Pichia . Wickerhamomyces #ii
Saccharomyces®®!, i3 6 fF 57 3 B KULK 2 BE M A 1
TEAS[R)PORS Ok b HAT AR XUBR DTRRBE ) itk
Hh, A5 % I Komagataella 76 7 FiP & I f2 v
5 —SEERRY) T IEAR DG, Weissella 5 —SL il
KW ARG . RSN RGBS Kk
FESCI, WA 1 B K T 7 v XUk D e
A B RBRACEIRRAE , T — 258 Hh al DB
PAUBAAR S5 0 BB SR AL PR A 5 TR 25T KR T R
WEEMIRENRE, s PRI At R v KUK R S At
B EERT .

KRS BB YR 2 A - AR Ak, #2s
T T XU () 284k o T P A Pl A v A B 5 B
EV 0L L7 L - I DE D ALN: s A I 8 A [ N
T ARG H & 334 TR o XU 1) B8 Tk 26 0 TR A 1)
AR AEEEW, FHEREMER TS
Lactobacillus S22 i AHICA, 5 HAD XA D REHUA:
YIFRIEAE, H5 Komagataella 1 Pichia fi 2 1FAH
Ko B IEEAE g A M A Y B SRR IR, X T
AR BT, JEEEEIT Ha] LA [
A3 DO T XU ) BB Tl 2B 1 ) 52 W e i — 2P i
IR S R IK S

AL T e 2 Y R R T R K e
TR W Is ) AP E RN Sh A28k, SRIGFIHIG
BRI HTHIE T KR ID R i, JH IS4 R
TG 30 A BT 5 M IRV ) B Ak A 0 TR 3 A 1 0%
Pisiil P PSR S deptibug £V L RS W L L Al @AN S|
RETUAE VIR NRE, OO0 T 1 PRI A& et AR AR
AT LA SRS R XA B A B .
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